Introduction: Cylindrical dielectric resonators of very high dielectric constants (about 38) are now widely used to replace bulky and expensive metallic cavities in microwave circuit design. The analysis of these resonators, whether isolated in free space or placed inside metallic shields, has been directed towards determining such parameters of interest to microwave circuit designers as the resonant frequencies and quality factors of the structure. Various methods of analysis and numerous applications of these resonators are included in a recent monograph. Recently, more attention has been focused on the study of the radiation characteristics of dielectric resonators when used as an antenna. However, only few results have been reported for cylindrical, 2 rectangular 3 and hemispherical 4 dielectric resonator antennas residing on a conducting ground plane and excited by a coaxial probe through the back of the ground plane. An exact analysis of the spherical resonator has been carried out using the method of separation of variables, while simplifying approximations have been employed in the analysis of the first two resonators. Specifically, the radiation patterns are determined in terms of equivalent magnetic currents on the surfaces of the resonators, which are determined by the fields that exist in the resonator when it is covered by a perfect magnetic conductor. Furthermore, it has been assumed that the resonators reside on an infinite, rather than finite, ground plane, so that image theory can be used. Such approximations are believed to diminish our ability to accurately predict the far fields in practical applications.
There is clearly a need for a comprehensive and efficient method to study the performance of this type of antenna. In this letter some of the results of an accurate analysis of dielectric resonator antennas are presented. The analysis is based on deriving integrodifferential equations for the equivalent surface electric and magnetic currents on the various dielectric and metallic interfaces of the antenna. The solution of these equations is then carried out numerically using the method of moments. The method is rather general and allows for the investigation of a wide variety of geometries so long as they are axisymmetrical. The details of the method of solution can be found elsewhere. 5 It is then possible to study the effect of different parameters in the design, so that modifications necessary to attain certain characteristics can be readily made.
Results and discussion: Sample results for the cylindrical dielectric resonator antennas shown in Fig. 1 are presented in this Section. inside the dielectric near the cylinder edge. The computed data is normalised so as to have the same value as the measured data 2 at 9 = 0°. An examination of the figure readily shows good agreement between the two sets of data. Furthermore, this antenna is characterised by a high backlobe level of about -7dB and an asymmetrical £-plane radiation pattern about the antenna axis. This is in contrast to the symmetrical patterns computed from the approximate equivalent magnetic currents by Long et al? The asymmetrical nature of the radiation pattern is actually due to the influence of the higherorder </>-modes which are considered in our computations. The same radiation patterns are plotted in Fig. 3 for the two extreme cases of a dielectric resonator placed on an infinite ground plane and on a ground plane of diameter equal to that of the dielectric resonator {d = d g = 0-3412 X). As can be seen, the H-plane pattern becomes as broader as and almost identical to the £-plane pattern as the diameter of the ground plane is reduced. This, however, is achieved at the expense of a higher backlobe level (about -6 dB). A reduction of the backlobe level can be obtained by placing the cylindrical resonator inside a topless cylindrical cavity as is shown in Fig. \b . The side wall of the cavity does in fact limit the amount of radiation to the side and backward directions. This effect is readily seen in the E-and H-plane patterns plotted in Fig. 4 for such an antenna. The antenna clearly becomes more directive in the axial direction as both the beamwidth and backward radiation decrease substantially. 
Conclusions:
The radiation characteristics of the cylindrical dielectric resonator antenna are predicted more accurately using a numerical method. It is found that this antenna is characterised by high backward radiation and asymmetrical radiation patterns. The symmetry of the radiation patterns can be improved by decreasing the ground plane diameter, while the backlobe level is reduced by placing the dielectric resonator inside a topless cylindrical cavity.
